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To contribute to the global effort to phase down highly polluting HFC refrigerants, refrigeration industry is 
dedicating significant resources in evaluation process of alternative refrigerants. In the light commercial 
refrigeration segment the most difficulties were found to replace R404A refrigerant. Major compressors 
manufacturers contributed to AHRI AREP program with performances evaluation on several refrigerant alternatives 
with GWP below 150, limit that is widely used as a threshold in regional and local legislations in the years to come. 
Except natural refrigerants like hydrocarbons and CO2, new chemical blends, classified in A2L safety class, were 
developed with GWP < 150 to meet criteria of regional regulation in different parts of the world. This paper shows 
summary of evaluation of a hermetic reciprocating compressor based on its thermal profile when using an A2L 
blend. It is then compared with R404A and R290 profiles in order to understand limitations when using an A2L 




The global community, with Kigali Amendment to Montreal Protocol, made another important step towards 
reduction of CO2 emissions due to human activities, in order to preserve our planet for future generations. The 
global phase-down of HFCs in refrigeration sector is representing an important contribution to international 
mitigation efforts. Compressor industry for many years has been actively investing in developing and promoting 
hermetic compressors for use with low atmospheric impact refrigerants in all continents. After successful story with 
use of isobutane (R600a) in household appliances, significant growth is present also with propane (R290) 
implementation into light commercial plug-in systems as natural alternative to R404A. Recent European F-gas 
regulation (517/2014) is considering a ban of high GWP refrigerants in next few years in several categories of 
commercial applications and in the meantime, sales and distribution of high GWP gases are controlled with quota 
system. Other regions are going to implement similar rules soon, eg. California Air Resources Board will likely 
adopt EPA 2016 rules that were vacated by US Court of Appeals in August 2017. As an alternative to natural 
refrigerants, chemical industry is offering series of mixtures with GWP slightly below 150 limit. Series of activities 
were performed a number to assess their capacity to replace high GWP refrigerant as R404A, presently in use. This 
paper will show an experimental analysis of one of potential A2L candidates in comparison with R404A and R290 
in terms of its impact on reliability of an existing compressor platform. 
 
2. ALTERNATIVE REFRIGERANTS FOR COMMECRIAL REFRIGERANTS 
 
Compressor manufactures are  presently working on development of right products for light commercial 
refrigeration segment, to comply with   present or incoming F-gases regulation, means products for final solution 
(below 150 GWP) with natural and with synthetic refrigerant blends. For the time being only hydrocarbons can be 
considered as a final solution, while for use of synthetic refrigerants options the legislation is still not fully available.  
 24th  International Compressor Engineering Conference at Purdue, July 
Final Solutions – R404A Alternatives
Compressor manufacturers are offering
future F-gases regulation. Most of the existing light commercial application (up to 1,5 kW of cooling capacity
MBP) can be converted to use HC refrigerants even with present re
applications multi-circuit configuration is a feasible option and already applied in 
allow wider use of A3 class refrigerants is the safety standards modification. At the g
SC61C/WG4 working group, industry is trying to define specific additional measures to be adopted, to allow higher 
charge level, maintaining same risk as per existing standard. This activity is in progress but conclusion is not 
definitively predictable. This paper authors
tested, during its 2nd phase, series of new mixtures containing unsaturated 
GWP < 150. All tested candidates are sl
significant temperature glide, up to 12K and the
refrigeration industry is to avoid refrigerants proliferation and
them will be adopted in the future. Important step
refrigeration appliances, the same as for A3 class mentioned 
with 150 grams of charge for flammable refrigerants




Safety  Class 
Boiling Temp @ 1atm -47°C
Critical Temp 72°C
Bubble-Dew @1atm 0.8K
3. COMPRESSOR APPROVAL 
 
Every compressor manufacturer defines an operating envelope that limits pressure conditions to assure design life 
time (Figure 1). Compressor operation out of envelope limits can lead to motor overload protector tripping or can 
cause reliability problems like excessive bearings wear, valves failure, severe oil degradation or other internal 
components failure. Here is an example of 
pressure applications. 
Figure 1: Typical LBP compressor operating envelope and testing points
9-12, 2018
  
 full product line of HC compressors as a final solution to meet present and 
frigerant charge limit of 150 g. In case of larger 
many systems.  Important step to 
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 under AHRI AREP (Alternative Refrigerant Evaluation Program) have 
HFC’s that will meet requirement of 
ightly flammable and belong to safety class A2L. All of them are having 
ir characteristics are presented in Table1. What is very important for 
 this not a case at present. It is not yet clear which of 
 to allow use of A2L class refrigerants in light commercial 
before, is the safety standards modification. Today, 
 (IEC 60335-2-89)  is almost impossible to design any type of 
 
1: Alternative Refrigerants Physical Data 
 R290 R455A R454C
 HC HFC blend HFC blend
A1 A3 A2L A2L 
 -42°C -46°C -45°C 
 97°C 83°C 82°C 




an approved envelope for compressors working with R404A in low back 
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In this paper an R404A LBP reciprocating compressor model was used to compare R404A with R290 and with  
R455A (Samuel F. Yana Motta et al.,2014). R455A was selected to be tested because during the second phase of 
AREP program testing was the closest alternative to R404A in terms of cooling capacity given the same compressor 
displacement. Because of high glide of R455A an average pressure approach was used (G.Hyndy et al.,2000) to 
define pressure. R290 testing was performed at 2K higher at each evaporating temperature conditions to mitigate the 
lower specific cooling capacity of R290 and in this way equalize the cooling capacity in order to allow in this 
manner more significant comparison with R404A and R455A refrigerants. It is also clear that every compressor 
need to be optimized in terms of motor performances for each single refrigerant because of its specific 
thermodynamic characteristic, therefore only major temperature differences was considered in this paper conclusion. 
 
4. COMPRESSOR THERMAL PROFILE 
 
In Fig.2 compressor cross section is displayed with indication of all thermocouples location to measure the thermal 
map. Testing conditions, return gas temperature as well as sub-cooling was chosen following the same approach of 
previous investigations related to compressor performances during the second phase of AHRI AREP program 
reported in 2016 (M.Zgliczynski et al.,2016).  Selection of specific testing points was decided because they are 
located at extremes of the operating envelope and are normally considered those with higher internal temperatures. 
They are taken into consideration during approval process as limiting points of operating envelope of a specific 
application range or compressor platform.  What is evident when looking on temperature difference between R404A 
and R455A is the significantly higher final discharge temperature inside cylinder head which represents hottest 
compressor location. This difference of more than 25K can have an impact on lubricant performance and has a 
negative influence on all other internal compressor locations. A significant increment, of more than 15K was 
observed in compressor electrical motor windings, when comparing R455A with R404A. Both cylinder head and 
motor temperature differences of R290 compared with R404A are significantly lower.  Table 4 summarizes test 
results in terms of temperature difference in all selected locations as indicated in the compressor cross section in 
Figure 1 and in Figure 3 the temperature differences at -30/55/18.3 °C condition are shown graphically. 
 
 
Figure 2: Compressor section - thermocouples positions  
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Figure 3: Temperature differences vs R404A at conditions -30/55/18,3°C at all thermocouple positions  
-40/45/18.3 -35/40/18.3 -30/55/18.3 -10/60/18.3
1. Oil 10.4 10.4 11.7 8.2
2. Ambient - Left side 14.9 12.7 16.1 24.2
3. Suction muffler output 11.9 8.0 14.6 13.8
4. Winding - bottom 11.2 10.5 17.5 11.5
5. Winding - up 12.7 10.2 16.3 13.7
6. Discharge chamber 24.9 13.0 20.3 20.3
7. Cylinder head - discharge 21.5 16.6 26.6 22.8
8. Discharge tube 5.8 4.2 11.3 13.6
9. Shell - outside 14.5 11.3 20.0 19.7
Δ Temperatures (K) Testing condition (evap temp / cond temp / return gas temp) °C
R455A-R404A
-40/45/18.3 -35/40/18.3 -30/55/18.3 -10/60/18.3
1. Oil 1.7 1.9 4.1 1.8
2. Ambient - Left side 3.5 4.3 6.1 7.0
3. Suction muffler output 3.7 2.8 4.1 2.3
4. Winding - bottom 2.1 5.1 4.2 1.2
5. Winding - up 1.1 4.8 5.7 2.1
6. Discharge chamber -2.2 -3.0 0.7 -0.4
7. Cylinder head - discharge -6.4 -1.6 -0.2 0.3
8. Discharge tube -6.4 -3.3 -0.1 -1.4
9. Shell - outside 4.1 3.6 13.0 13.3
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5. COMPRESSOR MATERIALS PERFORMANCE DEGRADATION 
Compressor materials during compressor lifetime are subjected to thermal stress. The main parts affected by higher 
operating temperature are the compressor lubricant and all plastic components including electrical insulation of the 
stator (slot insulation, wire enamel).  There is an extensive and important literature on this subject (Tommasini, 
2009; D.E.Crawford, 1976; C Sumereder et al.,2005) , but the most relevant conclusion is, that based on the 
Arrhenius Equation of chemical reaction time vs temperature, the thermal life expectancy of an insulation system is 
reduced by one half if the total operating temperature is raised by 10K. Therefore, maintaining similar thermal level 
of a hermetic compressor when changing type of refrigerant with existing insulation materials is extremely 




Testing performed for this paper is clearly indicating that there are important differences between low GWP 
alternatives evaluated. The thermal levels with R455A synthetic refrigerant developed to replace R404A in 
commercial cabinets are showing significant overall compressor internal temperature increase. As a consequence 
operating envelope has to be limited to maintain same thermal level of R404A compressor. To compensate internal 
temperatures increase, for example return gas temperature or condensing temperature shall be restricted with R455A 
to guarantee the same life time of the compressor. R290 can maintain present application envelopes since shows 
similar or lower thermal regime than R404A. Both A3 and A2L safety class refrigerants are flammable, therefore 
both have limitation in charge amount and both have to comply with additional safety requirements in their electrical 
components. In Europe due to Pressure Directive, when exceeding certain internal volume, compressors using 
flammable refrigerants have to be approved in Cat.II. that will more likely occur in case of R455A because of higher 
pressures than R290.  
Every appliance producer in light commercial refrigeration segment has to make a choice: go natural or wait for new 
synthetic blends when legislations allowing their use will be fully available. Here below main elements that should 
be taken in order to make this decision:  
Table 2: Alternatives Evaluation Summary 
 
 R 404A R290 R455A R454C R457A 
GWP 3920 3 146 146 139 
Environmental Impact Very High Ultra Low Low Low Low 
Safety Class A1 A3 A2L A2L A2L 
Refrigerant Cost Ref Much Lower NA* NA* NA* 
Investments for Safety Ref Yes Yes Yes Yes 
Application Field L/MBP L/MBP L/MBP L/MBP L/MBP 
Temperature Glide Low None Very high High High 
Cooling Capacity(w/R404A displ) Ref Lower Same Lower Lower 
Efficiency Ref Much Higher Higher Higher Higher 
Reliability Ref Same or Better UD NA NA 
Lubricant POE POE POE POE POE 
Motor Temp Ref Same  Higher NA NA 
Discharge Temp Ref Lower Higher Higher Slightly Higher 
Charge Limit (IEC60335-2-89) No 150 g 150 g 150 g 150 g 
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NOMENCLATURE 
 
AREP - Alternative Refrigerant Evaluation Program 
GWP – Global Warming Potential 
LBP – Low Back Pressure 
MBP – Medium Back Pressure 
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